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(54) Electron beam exposure apparatus 

(57) An electron beam exposure apparatus, com- 
prising an electron emitting apparatus including a lead 
electrode and a plurality of electron emitting elements 
having end portions exposed individually in a plurality of 
openings formed in rows and columns on a principal 
face of the lead electrode, a control power supply for 
applying a voltage between the lead electrode and 
selected ones of the electron emitting elements to emit 
electrons from the selected electron emitting elements, 
an acceleration electrode in the form of a flat plate hav- 
ing a number of very small openings equal to the 
number of and corresponding to the electron emitting 
elements, and a converging electrode in the form of a 
flat plate having a number of very small openings equal 
to the number of and corresponding to the electron 
emitting elements. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

This invention relates to an electron beam exposure 
apparatus, and more particularly to an electron beam 
exposure apparatus for use to manufacture an inte- 
grated circuit of a semiconductor device or a mask for 
the formation of an integrated circuit. 

2. Description of the Related Art: 

In recent years, much effort has been and is being 
directed to reduction of the dimensions of elements of a 
semiconductor integrated circuit in order to raise the 
density and the speed of operation of the semiconduc- 
tor integrated circuit. In order to reduce the device 
dimensions, research and development for an optical 
exposure apparatus which makes use of ultraviolet rays 
have been directed to reduction in wavelength of light 
used, increase in NA (numerical aperture) of the lens, 
optical improvement of the exposure apparatus such as 
employment of a deformed shape light source, applica- 
tion of an exposure method of a new technique which 
empfoys a phase shift mask or a like element, and so 
forth. 

Further, in paralld with such improvement of the 
optical exposure technique, development of new expo- 
sure methods such as electron beam exposure or X-ray 
exposure has proceeded. Particularly, various attempts 
employing electron beam exposure have been pro- 
posed for the formation of an integrated circuit having a 
fine pattern such as a 256 megabit DRAM. 

While those electron beam exposure apparatus are 
classified into two types including a point beam type and 
a variable rectangular beam type, they both require a 
long period of time for exposure because a pattern is 
divided Into unit small areas or rectangular areas and 
either a point beam is deflected to successively scan 
the unit small areas or an electron beam having a beam 
spot of a size corresponding to the pattern is deflected 
to draw the pattern with one stroke. For example, for a 
256 megabit DRAM mentioned above, the exposure 
time required for one chip is approximately 10 minutes, 
which is longer by approximately 100 times or more 
than that required with an exposure apparatus of the 
optical exposure type. Further, the electron beam expo- 
sure apparatus are disadvantageous also in that they 
are more expensive than optical exposure apparatus. 

Meanwhile, M. B. Heritage has published a report 
entitled "Electron-projection microfabrication system", J, 
Vac. Sci. Technol.. Vol. 12. No, 6, Nov./Dec. 1975, 
pp.1 135-1 140. The report discloses a system wherein, 
preparing a mask having a pattern corresponding to an 
entire memory chip, the entire chip is exposed by a sin- 
gle electron beam inadiation operation in order to 
reduce the exposure time mentioned above. 



The system just described, however, has not been 
put into practical use as yet due to difficulty in imple- 
mentation of an electron optical system for a large area 
electron beam which assures a sufficiently high degree 
5 of accuracy over the entire area of a chip of more than 
several mm square. 

Meanwhile, another electron beam exposure appa- 
ratus is disclosed in Japanese Patent Laid-Open Appli- 
cation No. Showa 52-119185 wherein a mask having 
10 several patterns formed at different block positions ther- 
eon is provided on a path of an electron beam and 
deflection means is provided for selecting, on the mask, 
an electron beam of a diameter sufficient to allow each 
block to be irradiated by the electron beam. Further, an 
15 electronic optical system is disclosed in a report No. 
27a-K-6 by T Matsuzaka et al.. "Study of EB cell Projec- 
tion Lithography (1): Electron Optics", Extended 
Abstracts for the 50th Autumn Meeting of the Japan 
Society of Applied Physics in September. 1989, p.452, 
20 wherein a plurality of openings are provided for a sec- 
ond aperture while the output of a shaping deflector is 
increased in magnitude and a variable magnification 
lens as well as a fly-back def letor are provided. Further- 
more, it is disclosed in another report No. 27a-K-7 by Y 
25 Nakayama et al., "Study of EB cell Projectfon Uthogra- 
phy (II): Fabrication of Si aperture", appearing on the 
same page of the same publication that an aperture is 
formed from single crystal of Si for EB cell projection 
lithography and anisotropic wet etching is used for the 
30 formation of a Si thin film part of the aperture while dry 
etching is used for working of an opening of the aper- 
ture. Those techniques all relate to a method of transfer- 
ring a pattern having some repetitions not to an entire 
area but to a portion of an area of a chip, and contem- 
35 plates reduction of the exposure time by preparing, as a 
mask, a partial region of a size approximately corre- 
sponding to a beam spot having a size sufficient to 
assure a uniform electron flow density from within a 
periodical pattern group of a chip. 
40 However, while those electron beam exposure 
apparatus of the partial collective transfer type are 
effective for a semiconductor device which includes a 
comparatively large number of repetitive patterns such 
as a DRAM, they are disadvantageous in that, where 
45 they are used to manufacture a semiconductor device 
having ordinary logic circuits having a comparatively 
small number of repetitive patterns, a long exposure 
time is required similarly as in the system described 
hereinabove wherein an electron beam is deflected to 
50 draw a pattern with one stroke. 

Further, T H. R Chang et al. have published a 
report entitled "Arrayed miniature electron beam col- 
umns for high throughput sub- 100 nm lithography", J. 
Vac. Sci. Technol.. B10(6), Nov./Dec. 1992, pp.2743- 
55 2748. The report proposes a system wherein, in order 
to reduce the exposure time described above, a sub- 
strate on which a large number of electron optical micro- 
columns arranged in a matrix of rows and columns are 
formed is prepared and used for simultaneous exposure 
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at positions corresponding to the electron opticaJ micro- 
columns by a single electron beam in^diation operation. 
Besides, according to the technique, if electron beam 
control signals con-esponding to different pattern data 
are supplied to the individual microcolumns electron 5 
optical microcolumns each including a very small elec- 
tron lens and a very smalt deflection system, then expo- 
sure with an arbitrary pattern can be performed at a 
high speed irrespective of whether or not a repetitive 
pattern is included. to 

With the technique just described, however, a very 
small electron lens, a very small deflection system and 
other elements must be formed in each of the electron 
optical microcolumns, and it is difficult to form those 
very small structures, particularly, the very small deflec- is 
tion systems, with suffident degrees of working accu- 
racy and uniformity Accordingly, the technique is 
disadvantageous in that, since the accuracy in position 
of tiie electron beams by deflection is low, the accuracy 
in pattern formation on a specimen is low and the appa- 20 
ratus cost is high. 

A different electron beam exposure apparatus is 
disclosed in Japanese Patent Laid-Open Application 
No. Showa 56-98827 which includes a cold cathode 
electron beam generator having a structure wherein 25 
electron beam generation elements are arranged one- 
or two-dimensionally In the exposure apparatus, a large 
number of cold cathode electron beams are generated 
simultaneously from the electron beam generator and 
are accelerated by an acceleration electrode, and then so 
a one- or two-dimensional pattern of the electron beams 
is projected generally in a reduced or expanded scale 
on a specimen by a converging lens. By increasing the 
number of very small spots which can be exposed 
simultaneously and controlling the electron beam gen- 35 
eration elements corresponding to the respective very 
small spots individually in this manner, reduction of the 
exposure time can be achie/ed Inrespective of whether 
or not a repetitive pattern is included. 

In the electron beam exposure apparatus disclosed 40 
in tiie last-mentioned document, however, since elec- 
tron beams from those of the electron beam generation 
elements which are located at peripheral positions of 
the electron beam generator con'espond to positions 
outside an optical axis of the electron optical system, 4S 
that is, since those electron beams are positioned in a 
spaced relationship away from the center axis of the 
electron optical system in one direction, they exhibit 
comparatively large aberrations such as coma or astig- 
matism. Consequently, the electron beam exposure so 
apparatus is disadvantageous in that the accuracy in 
shape of a pattern on a specimen is low. Even if an elec- 
tron optical system having a high degree of accuracy is 
used in order to eliminate the disadvantage, the accu- 
racy in pattern shape cannot be raised to such a high ss 
level tiiat the pattern can be practically used. Further, 
since electron optical columns of a scale having a 
height of approximately 1 m are required similarly as in 
conventional apparatus, the electron beam exposure 



apparatus is disadvantageous also in that a high cost is 
required. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention 
to provide an inexpensive and practically usable elec- 
tron beam exposure apparatus by which a pattern to be 
drawn can be transfen-ed with a high degree of accuracy 
by an exposure operation of a short time even if the pat- 
tern does not include a repetitive pattern but includes 
various patterns. 

According to the present invention, there is pro- 
vided an electron beam exposure apparatus, compris- 
ing an electron emitting apparatus including a lead 
electrode in the form of a flat plate and a plurality of 
electron emitting elements having end portions exposed 
individually in a plurality of openings formed in rows and 
columns on a principal face of the lead electrode, a con- 
trol power supply for applying a voltage between the 
lead electrode and selected ones of the electron emit- 
ting elements so tiiat electrons are emitted independ- 
ently of each other from the selected electron emitting 
elements, an acceleration electrode in the form of a flat 
plate having a number of very small openings equal to 
the number of and corresponding to the electron emit- 
ting elements for accelerating the emitted electrons, and 
a converging electrode in the form of a flat plate having 
a number of very small openings equal to the number of 
and corresponding to the electron emitting elements for 
converging electron beams formed from the accelerated 
electrons. 

Preferably, the control power supply includes a plu- 
rality of application power supplies individually corre- 
sponding to the plurality of electron emitting elements, 
and voltages are applied from selected ones of the 
application power supplies to the selected ones of the 
electron emitting elements. Preferably, the acceleration 
electrode in the form of a plate in which the very small 
openings tiirough which electron beams pass are 
formed is disposed in parallel to the lead electrode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 (A) is a block diagram showing a construction 
of an embodiment of an electron beam exposure 
-apparatus of the present invention; 
Rg. 1(B) is a perspective view, partially broken, of 
an electron beam emitting apparatus of the electron 
beam exposure apparatus shown in Fig. 1(A); 
Fig. 2 is a schematic sectional view showing accel- 
eration electrodes and associated elements therea- 
round; 

Rg. 3 is a diagrammatic view illustrating a pattern to 
be transfen-ed to a specimen; and 
Rg. 4 is a diagrammatic view illustrating a relation- 
ship between an array of electron emitting elements 
of the electron beam emitting apparatus and a 
drawn pattern. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The present invention will be described below with 
reference to the drawings. 5 

Figs. 1(A) and 1(B) are a block diagram showing a 
construction of an electron beam exposure apparatus in 
an embodiment of the present invention and a perspec- 
tive view, partially broken, of an electron beam dis- 
charging apparatus of the electron beam exposure 10 
apparatus. Refen-ing to Figs. 1(A) and 1(B). the electron 
beam exposure apparatus shown includes an electron 
emitting apparatus 1 including a lead electrode 21 in the 
form of a fiat plate and a plurality of electron emitting 
elements 24 having end portions ^osed individually to is 
a plurality of openings 27 formed in a matrix of rows and 
columns in the lead electrode 21, an application power 
supply 3 and an application controller 2 for applying a 
voltage between arbitrarily selected ones of the electron 
emitting elements 24 and the lead electrode 21 to cause 20 
those electron emitting elements 24 to emit electrons 
therefrom independently of each other, an acceleration 
electrode 4 for accelerating the thus emitted electrons, a 
converging electrode 5 for converging the accelerated 
electrons, a high voltage power supply 6 for applying a 25 
high voltage potential difference between the accelera- 
tion electrode 4 and the electron emitting apparatus 1 . a 
bias power supply 1 1 for applying a convergence volt- 
age for the acceleration electrode 4 to the converging 
electrode 5, a stage 8 disposed in an opposing relation- 30 
ship to the lead electrode 21 for carrying and moving a 
specimen 7 in X and Y directions, a stage position 
measurement element 9 for continuously measuring the 
position of the stage 8, and a timing adjustment element 
10 for adjusting the timing of a signal to the application 35 
controller 2 in response to measurement data from the 
stage position measurement element 9. 

Electron emitting apparatus 1 includes a plurality of 
electron emitting elements 24 buried in insulation layers 
26 and having end portions exposed in openings 27 40 
formed in a matrix of rows and columns in the plane of 
the lead electrode 21 in the form of a plate as seen in 
Fig. KB). 

In order to form an electric field between the elec- 
tron emitting elements 24 and the lead electrode 21 , the 45 
electron emitting elements 24 are individually con- 
nected to a plurality of pads 23 of a construction body 
22 on the outer side of lead electrode 21 via wiring lines 
28a, 28b, 28c, ... and contacts 25a, 25b, 25c, ... Those 
pads 23 are connected to the application controller 2 so 
shown in Fig. 1(A) by a wire cable (not shown). The 
application controller 2 stores position coordinates of 
the electron emitting elements 24 to which a voltage is 
to be applied. The position coordinates stored in the 
application controller 2 are read out, and a voltage is ss 
applied to those electron emitting elements 24 posi- 
tioned at the position coordinates in response to a tim- 
ing signal from timing adjustment element 10 shown in 
Fig. 1(A) by the application power supply 3. From those 



electron emitting elements 24 to which the voltage is 
applied in this manner, electrons are emitted by the 
electric field. 

Although the acceleration electrode 4 and the con- 
verging electrode 5 are not shown in Fig. 1(B) because 
they complicate the illustration, the acceleration elec- 
trode 4 is an electrode in the form of aflat pfate provided 
in parallel to the lead electrode 21 of the electron emit- 
ting apparatus 1 and disposed at a position spaced 
away by 4 mm from the lead electrode 21 . Also the con- 
verging electrode 5 is an electrode in the form of a flat 
plate provided in parallel to the acceleration electrode 4 
and the lead electrode 21 and disposed at a location 
spaced by 1 mm from the acceleration electrode 4. 
Electrons emitted from the electron emitting elements 
24 described above are accelerated by the acceleration 
electrode 4 and then converged by the converging elec- 
trode 5 so that they are irradiated as spot images on the 
surface of the specimen 7. 

It is to be noted that, in the present embodiment, 
the openings 27 have a diameter of 0.5 \in\ and are 
arranged in rows and columns at a pitch of 1.0 in 
order to obtain a high resolution. Further, the voltage to 
the converging electrode 5 is adjusted so that electrons 
emitted from one electron emitting element 24 may be 
irradiated as a spot image of a diameter of 0.025 (im on 
the surface of the specimen 7. 

Further, the electron emitting elements 24 are 
arrayed in a 100 x 40 matrix. The axis of the arrange- 
ment of 100 elements of the array is not orthogonal but 
is inclined a little with respect to the axis of the arrange- 
ment of 40 elements of the array such that the projec- 
tion positions on the axis of the an-angement of 100 
elements may be spaced from each other by a distance 
of 0.025 \Lm. Consequently, if the stage 8 is moved in a 
direction orthogonal to the axis of the an-angement of 
100 elements of the array of the electron emitting ele- 
ments 24 while a voltage is applied periodically to the 
electron emitting elements 24, then electi'ons are irradi- 
ated as 40 X 100 spots, tiiat is, 4.000 spots, at equal dis- 
tances of 0.025 |im individually in lines between the 
width of the arrangement of 100 elements, tiiat is. within 
the width of 100 ^m. Consequently, the overall width of 
100 \im is in-adiated upon by the spots. 

Further, predetermined timing adjustment is per- 
formed during such irradiation so that a region of tiie 
width of 100 |Jim can be processed by a single travel of 
the stage 8 irrespective of a pattern shape or arrange- 
ment on the specimen 7. As a test, electron beams from 
the electron emitting elements 24 were irradiated upon 
tiie specimen 7 having a resist of a sensitivity of 10 
tiC/cm^ applied thereto in such conditions that a voltage 
of 1 0.6 V was applied between tiie electron emitting ele- 
ments 24 and the lead electrode 21, an acceleration 
voltage of 30 kV was applied to the acceleration elec- 
trode 4, a voltage of 20 kV was applied from the bias 
power supply 1 1 to the converging electrode 5, and the 
stage 8 was moved at a speed of 20 mm/sec. A result of 
tiie test proved tiiat a good transfer pattern was sue- 
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cessf ully transferred with a voltage application time, tiiat 
Is. an exposure time, of 0.5 fisec for each inadiation 
spot 

Preferably, a number of application power supplies 
3 equal to the number of the electron emitting elements s 
24 are provided so that voltages may be applied at suit- 
able timings to the plurality of electron emitting ele- 
ments 24. Further, in order to eliminate a possible delay 
caused by a wiring length or a switching operation and 
eliminate a dispersion in emitted electron amount io 
caused by a dispersion in characteristic among electron 
emitting elements 24. the application voltages of the 
individual power supplies are adjusted in units of 0.001 
V. By this countermeasure. the dispersion in emitted 
electron amount among electron emitting elements 24 is 
is reduced to 1 % or less, resulting in elimination of non- 
uniform transfer of a pattern. 

Electron emitting apparatus 1 can emit electrons 
witii the comparatively low application voltage of 10.6 V 
to sensitize the resist as described above. Here, in order 20 
to allow sensitization of a resist of a lower sensitivity or 
allow direct working of ttie specimen 7. the high voltage 
power supply 6 was constructed so tiiat tine output volt- 
age thereof might be variable from 1 0 kV to 50 kV. Also 
the application power supply 3 was constructed so tiiat 2s 
the output voltage thereof might be set to several tens V 
lower than an allowable voltage value so as to obtain 
electron beams of a higher energy. 

Electron emitting apparatus 1 shown in Fig. 1(B) 
can be manufactured using an ordinary manufacturing 30 
process for a semiconductor integrated circuit. 

In particular, a step of forming a wiring line 28a. 
28b, 28c, ... for interconnecting an electron emitting ele- 
ment 24 and a pad 23 at a predetermined depth and 
burying them with an insulation layer 26 is repeated by 35 
a number of times equal to a required number of layers, 
and tiien, tiie contacts 25a, 25b. 25c. ... are formed cor- 
responding to tiie positions of the electron emitting ele- 
ments 24 and tiie positions of tiie pads 23, respectively 
Then, in the present emtxxliment, an oxide silicon film 40 
of a film thickness of 0.5 ^m is formed on tiie surface of 
the construction body 22 formed from the insulation lay- 
ers 26 formed one on another. Further, a tungsten film 
of a film thickness of 0.35 ^m is formed over tiie entire 
area of the oxide silicon film, and tiie tungsten film and 45 
the oxide silicon film are selectively removed by etching 
using litiiography to form the openings 27 of a diameter 
of 0.5 ^m in a region in which electron emitting ele- 
ments are to be formed. Then, an aluminum fOm of 0.15 
|yim thick Is formed on wiring lines or contact faces so 
exposed through tiie openings 27. and a molykxienum 
film of 0.8 ^m thick is formed by metal vapor deposition. 
During tiie vapor deposition, as tiie vapor deposition 
proceeds, the opening areas of the openings gradually 
decrease, and consequentiy. end portions of the molyb- ss 
denum film formed by the deposition exhibit conical 
shapes. Using this phenomenon, the electron emitting 
elements 24 having pointed end portions having an opti- 
mum shape as a cathode are obtained. 



Thereafter, the aluminum film is removed by wet 
etching. Thereupon, tiie molylxJenum fSm applied 
except tiiat on the electron emitting elements 24 it is all 
removed by lifting off. Then, tiie tungsten film on tiie sur- 
face of the construction body 22 is selectively removed 
by etching using lithography to form tiie F>ads 23. Those 
pads 23 are larger than the openings 27 and as large as 
80 ^m square. Accordingly, although tiie pads 23 are 
shown positioned on the opposite sides of the lead elec- 
trode 21 in Fig. 1(B), where a sufficient space is not 
assured on the sur^ce. tiie pads 23 are formed also on 
side faces of the construction body 22. To the pads 23 
formed in this manner, fine metal lines are connected 
using a wire bonding apparatus and led out as a con- 
nection cable, which is connected to the application 
controller 2 shown in Fig. 1(A). 

Rg. 2 is a sectional view showing details of the 
acceleration electrode 4 and associated elements 
therearound. The acceleration electrode 4 is a plate 
member in tiie form of a conductive flat plate disposed 
in parallel to tiie le^ electrode 21 and having an area 
larger than the lead electrode 21 , and holes 29 having a 
size sut)Stantially equal to or a little larger than, the 
openings 27 are formed at positions of a central portion 
of the plate member opposing to tiie election emitting 
elements 24. Furtiier, tiiough not shown in the draw- 
ings, a Wehnelt electrode in the form of a flat plate is 
provided preferably around the electron emitting appa- 
ratus 1 in order to make the electric field uniform. Fur- 
thermore, the Wehnelt electrode is located a little nearer 
to the acceleration electrode 4 side away from the lead 
electrode 21 and a potential higher than the potential of 
the lead electrode 21 is applied to the Wehnelt elec- 
trode so that the Wehnelt electrode may act as a second 
lead electrode in order to allow electrons emitted from 
the elecb'on emitting elements 24 to be exf acted witii a 
high efficiency. It is to be noted that, in Fig. 2, equipoten- 
tial lines are indicated tsy broken lines. 

Also the acceleration electrode 4 in the form of a 
m^h can be manufactured using an ordinary semicon- 
ductor manufacturing technique. In tiie present embod- 
iment, for example, in a stainless steel plate polished 
tiiin at a central portion thereof by electrolytic polishing, 
tiie holes 29 are formed so as to have openings of 1 (im 
or less using a photo-etching technique. Then, since the 
holes 29 formed by the etching are naturally formed in a 
tapered configuration, acceleration electrode 4 is dis- 
posed such that a smaller diameter side of each of the 
holes 29 is opposed to the electron emitting apparatus 
1. 

In this manner, the alignment between the acceler- 
ation electi'ode 4 having the large number of holes 29 
and tiie electron emitting apparatus 1 is established by 
operating a position fine movement mechanism (not 
shown) for receiving a frame on which outer sides of 
acceleration electrode 4 are held and finely moving the 
frame in the X and Y directions so tiiat the openings 27 
and the holes 29 may be aligned with each otiier under 
tiie observation of an optical miaoscope, placing a Far- 
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aday cup under the acceleration electrode 4 and adjust- 
ing the position fine movement mechanism so that a 
maximum beam electric current may be obtained. After 
the position of the acceleration electrode 4 is adjusted in 
this manner, it is used always In a fixed voltage condi- 5 
tion so that the accuracy may be maintained. 

The structure of the converging electrode 5 in the 
form of a flat plate in which a plurality of holes 31 
through which electron beams 30 pass are formed is 
similar to that of the acceleration electrode 4 described 10 
above and is manufactured by a similar manufacture 
method. The bias power supply 1 1 is provided on the 
converging electrode 5 so that an appropriate bias volt- 
age may be applied to the acceleration electrode 4. The 
adjustment of the bias voltage is performed such that is 
the electron emitting apparatus 1, acceleration elec- 
trode 4 and converging electrode 5 are held as a unitary 
member and moved in a fixed direction while the appli- 
cation controller 2 is operated so as to emit electrons 
from the electron emitting elements 24. In this instance, 20 
the bias voltage to be applied to the converging elec- 
trode 5 should be successively varied within a neces- 
sary range while a result of drawing on a straight line 
obtained on a specimen is observed to determine a bias 
voltage condition in which the line width of 0.025 ^m is 25 
obtained. After the bias voltage to the converging elec- 
trode 5 is adjusted in this manner, the converging elec- 
trode 5 is used always in a fixed voltage condition so 
that the accuracy may be maintained. 

It is to be noted that each of the acceleration elec- 30 
trode 4 and the converging electrode 5 is formed from a 
stainless steel plate of 1 mm thick, and the entire con- 
struction including elertron emitting apparatus 1 
remains within the height of 20 mm on the specimen, 
and a compact structure having a high degree of safety 35 
can be achieved. 

Fig. 3 is a diagrammatic view illustrating a pattern 
1 00 to be transferred to a specimen, and Fig. 4 is a sim- 
ilar view but illustrating a positional relationship between 
the array of the elecft-on emitting elements 24 of the 40 
elecfron emitting apparatus 1 and the pattern 100. 

Transfer of the pattern 100 shown in Fig. 3 to the 
specimen 7 using the electron beam exposure appara- 
tus will be described below. 

First, tile pattern 100 indicated by solid lines in Fig. 45 
4 is part of the pattern 100 of Fig. 3. Thus, when the 
stage 8 on which ttie specimen 7 is placed continuously 
moves in the Y direction, if the central position of any 
electi-on emitting element passes a portion which has 
not been exposed with tiie pattern, a voltage is applied so 
to this electron emitting element 24 so as to succes- 
sively draw the pattern 1 00. 

In this instance, since the axis of the arrangement 
of 40 elements of the array of the electron emitting ele- 
ments 24 is not ortiiogonal to but is inclined a little with ss 
respect to the axis of the anangement of 100 elements 
so tiiat the projection positions on the axis of the 
arrangement of 100 elements may be spaced by 0.025 
Jim from each other as described hereinabove with ref- 



erence to Fig. 1 (B). if the stage 8 is moved in a direction 
orthogonal to tiie axis of the arrangement of 100 ele- 
ments of tiie array of the election emitting elements 24 
while a voltage is applied periodically to the electron 
emitting elements 24, then electrons are irradiated as 
ti-ains of 40 x 100 spots, that is, 4,000 spots, at equal 
distances of 0.025 fim individually in lines between the 
widtii of the arrangement of 100 elements, ttiat is, wltiiin 
tile widtii of 100 fim. Consequentiy, the overall widtii of 
100 |nm is irradiated upon by tiie spots. 

Further, stage position measurement element 9 of 
Fig. 1 (A) has a length measuring function which makes 
use of laser interference, and Is so programmed that 
those of the electron emitting elements 24 to which a 
voltage is to be applied are selectively determined 
based on data of tiie stage position measurement ele- 
ment 9 by the timing adjustment element 10. 

Then, tiie stage 8 is moved stepwise by 100 ^m in 
tiie X direction, and drawing for each successive region 
is successively performed successively moving the 
stage 8 in the Y direction as described above, thereby 
performing exposure for the entire desired pattern. 

By providing a power supply to be applied to the 
100 X 40, that is, 4.000, electron emitting elements 24. 
dividing pattern data into rectangular regions of the 
widtii of 100 fim and programming so as to detect 
whether or not a pattern is present in a very small unit 
region obtained by dividing data in each rectangular 
region in units of 0.025 \yxr\ in such a manner as 
described above, drawing for a fixed regfon can be per- 
formed In an equal exposure time irrespective of a type 
of a pattern or presence or absence of a repetitive pat- 
tern. 

As described above, according to tiie present 
invention, since an electron beam exposure apparatus 
is constructed such tiiat it includes an electron emitting 
apparatus having a large number of very small electron 
emitting openings formed at a very fine pitch in a matrix 
of rows and columns therein, a control power supply for 
applying an electron excitation voltage to arbitrarily 
selected ones of the electron emrtb'ng elements in tiie 
electron emitting openings independentiy of each otfier, 
and a timing adjustment element for adjusting the timing 
at which the electron excitation voltage is to be applied 
based on stage position data and that position coordi- 
nates of those of the electron emitting elements to 
which tiie electron excitation voltage is to be applied are 
programmed in advance and the electron emitting 
apparatus is operated based on tiie program, exposure 
for a region of a fixed area can be performed in an equal 
exposure time a pattern of whichever type is included in 
a pattern to be drawn and irrespective of presence or 
absence of a repetitive pattern. As a result, there Is an 
advantage tiiat exposure for the pattern to be drawn can 
be performed in a short time. 

Further, with the present invention, since electron 
optical microcolumns need not be formed and individual 
electron beams are used always on tiie positions on an 
axis of an electron optical system using the acceleration 
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electrode and the converging electrode which have 
openings corresponding to the positions of the individ- 
ual electron emitting elements of the electron emitting 
apparatus, an electron optical system of a particularly 
high degree of accuracy comparing with conventional 
electron beam exposure apparatus is not necessitated. 
Further, a structure which is compact and high in stabil- 
ity comparing with conventional electron optical col- 
umns can be employed, and accordingly, there is 
another advantage that while pattern exposure of a 
high degree of accuracy Is possible, the cost for the 
apparatus can be reduced comparing with conventional 
apparatus. 

Further, in the embodiment described above, it is 
programmed by the timing adjustment element that 
those of the electron emitting elements to which a volt- 
age is to be applied are selectively determined fc>ased 
on data of the stage position measurement element 
having a length measuring function which makes use of 
laser interference. The laser length measuring function 
can measure the position of the stage with a tolerance 
of 0.01 [un or less, and since the positional relationships 
between the positions of the stage and the individual 
electron emitting elements are always fixed, there is a 
further advantage that the positions on a specimen 
exposed with electron beams emitted from the individ- 
ual electron emitting elements are controlled accurately 
with a degree of accuracy substantially equal to the 
degree of accuracy of the laser length measuring func- 
tion. 

Claims 

1 . An electron beam exposure apparatus, comprising: 

an electron emitting apparatus including a lead 
electrode in the form of a flat plate and a plural- 
ity of electron emitting elements having end 
portions exposed individually in a plurality of 
openings formed in rows and columns on a 
principal face of said lead electrode: 
a control power supply for applying a voltage 
between said lead electrode and selected ones 
of said electron emitting elements so that elec- 
trons are emitted independently of each other 
from the selected electron emitting elements; 
an acceleration electrode in the form of a flat 
plate having a number of very small openings 
equal to the number of and conresponding to 
said electron emitting elements for accelerating 
the emitted electrons; and 
a converging electrode in the form of a flat plate 
having a number of very small openings equal 
to the number of and corresponding to said 
electron emitting elements for converging elec- 
tron beams formed from the accelerated elec- 
trons. 

2. An electron beam exposure apparatus as claimed 
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in daim 1. wherein said control power supply 
includes a plurality of application power supplies 
individually corresponding to said plurality of elec- 
tron emitting elements, and voltages are applied 
5 from selected ones of said application power sup- 
plies to the selected ones of said electron emitting 
elements. 

3. An electron beam exposure apparatus as claimed 
10 in claim 1. wherein said acceleration electrode in 

the form of a plate in which said very small open- 
ings through which electron beams pass are 
formed is disposed in parallel to said lead elec- 
trode. 

IS 

4. An electron beam exposure apparatus as claimed 
in claim 1, wherein an axis of a column of the 
arrangement of said electron emitting elements and 
an axis of a row of the arrangement of said electron 

20 emitting elements are inclined relative to each other 
from the right angle, and a stage disposed in an 
opposing relationship to said lead electrode for car- 
rying a specimen thereon is moved in a direction 
orthogonal to one of the axis of a column and the 

25 axis of a row of ttie arrangement of said electron 
emitting elements. 

5. An electron beam exposure apparatus as claimed 
in claim 4. further comprising a timing adjustment 

30 element for adjusting a timing at which the voltage 
is to be applied based on the position of said stage. 

6. An electron beam exposure apparatus as claimed 
in claim 5, further comprising a stage position 

35 measurement element for measuring the position of 
said stage, said timing adjustment element adjust- 
ing a timing at which the voltage is to be applied 
based on measurement data from said stage posi- 
tion measurement element. 

40 

7. An electron beam exposure apparatus as claimed 
in claim 6, wherein said stage position measure- 
ment element has a length measuring function 
which makes use of laser interference. 

45 
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